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300a Monday, February 4, 2013relieve the inhibition. The goal of this study is to elucidate the structural rear-
rangements during relief of inhibition. Previous EPR and NMR studies found
that the cytoplasmic domain of PLB exists in a dynamic equilibrium between
T and R states. We have used time-resolved fluorescence resonance energy
transfer (TR-FRET) to probe the complex directly by measuring the distances
between SERCA (C674) and a series of positions on PLB in co-reconstituted
vesicles. We found that the distances between SERCA and the cytoplasmic do-
main of PLB are best fitted with two Gaussian distance distributions, suggesting
that the cytoplasmic domain of bound PLB exists in two states. Results will be
reported on the effects of perturbations in this system which are known to
relieve inhibition, including PLB phosphorylation, PLB mutation, and calcium
binding to SERCA.We conclude that the function of the SERCA-PLB complex
depends primarily on the structural equilibrium between two principal struc-
tural states of the complex.
1534-Pos Board B426
Probing Conformational Changes of the NaD/KD ATPase upon Ouabain
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The Naþ/Kþ -ATPase is an integral membrane protein responsible for Naþ and
Kþ homeostasis, thereby fundamental for cellular life. It is formed mainly by
two subunits: a and b. Ouabain, a cardiotonic derivative, binds to the ion per-
meation pathway of the Naþ/Kþ -ATPase within the a subunit. To gain further
insights into the ouabain binding mechanism, we used a spectroscopic approach
(LRET) to measure distances between a genetically encoded lanthanide binding
tag (LBT; that binds Tb3þwith high affinity) and a cysteine-reactive fluorescent
compound (Bodipy). We created energy transfer pairs by encoding LBTs in
three of the external loops of the a subunit, connecting transmembrane helices
(TM) 1-2, 3-4 and 9-10, and cysteines substituted in different positions of the
b subunit. These constructs were expressed in Xenopus oocytes. Distances were
estimated using the luminescence decays of donor only and sensitized emis-
sion, upon excitation with a 9-ns pulse at 266 nm. In each oocyte expressing
a LBT-(Tb3þ)-Bodipy pair, distance determinations were made in the absence,
and in the presence of ouabain. The results suggest that upon binding of
ouabain, all external loops move as if the extracellular end of the permeation
pathway of the pump opens up in the presence of ouabain. Further, no signif-
icant movements of the b subunit were detected in the LRET experiments.
With these determinations, molecular modeling of the LBT-(Tb3þ)-Bodipy
pair constructs were performed to build models corresponding to pump’s
conformations in the absence and presence of ouabain. These models suggest
partial opening of the TM helices on the extracellular side. These changes
will allow access of ouabain to its binding site, deep inside the permeation
pathway. Supported by U54GM087519, GM030376 and NIH/NINDS Intra-
mural Program.
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This project focus on calcium homeostasis in the opportunistic pathogenic bac-
teria Listeria monocytogenes. Genomic analysis of L. monocytogenes identifies
two P-type ATPases with putative selectivity for Calcium transport (Lmo0841
and Lmo0818). Lmo0841 was recently confirmed as a Ca2þ -ATPase, able to
transport a single Calcium ion per hydrolyzed ATP the L. monocytogenes
Ca2þ -ATPase was consequently named LMCA1 [1] Sequence analysis and
homology modeling strongly suggest that Lmo818 is a Ca2þATPase with
high similarity to the plasma membrane ATPases (PMCA), a type IIb P-type
ATPase from higher eukaryotes. There is no X-ray structures of any PMCA’s
determined, they are known to be less stabile in comparison with the sar-
co(endo)plasmic reticulum Ca2þ -ATPases (SERCA) and also often require
additional soluble factors to function, like the necessity of Calmodulin to the
PMCA [2]. We have determined the structure to 2.7 A˚ resolution initial struc-
tural comparison indicate a similar fold to SERCA, however with significantly
reduced loop regions. A comparative bioinformatics study will be presented
based on Lmo0818 that reveal how the pumps are could act as receptors in
prokaryotic membrane systems as compared to ion recognition and receptor
function found in the Naþ,Kþ -ATPase [3].
[1]Faxen, K., et al. (2011). J. Biol. Chem. 286, 1609-1617.[2]Niggli, V.et al. J. Biol. Chem. 256, 8588-8592.
[3]Morth, J.P., et al. Nat. Rev. Mol. Cell Biol. 12, 60-70.
1536-Pos Board B428
An Arginine-Agmatine Antiporter Optimized for Extreme Acid Resistance
in Enteric Bacteria
Ming-Feng Tsai, Christopher Miller.
Brandeis University, waltham, MA, USA.
Enteric bacteria such as E. coli and Salmonella species can maintain cytoplas-
mic pH in the extremely acidic gastric environments by consuming intracellular
protons for arginine decarboxylation. This reaction is kept energetically
favorable by an APC (amino-acid-polyamine-organocation) family antiporter
AdiC, which imports arginine while pumping out the decarboxylated product
agmatine in a 1:1 exchange stoichiometry. To characterize AdiC’s transport
behavior in extreme acid conditions, we developed an oriented reconstituted
liposome system able to hold a 3-unit transmembrane pH gradient. Our work
reveals two unique functional properties by which AdiC maximizes its effec-
tiveness in conferring acid resistance. First, AdiC possesses a pH-sensing
mechanism that permits maximal transport activity only under intra- and extra-
cellular pH conditions of bacteria experiencing strong acid stress (i.e., outside
pH 2-3; inside pH 4.5-5.5). Second, we demonstrate that AdiC mainly catalyzes
electropositive exchange between extracellular arginine (50% Argþ, 50%
Arg2þ, pH2.2) and cytoplasmic agmatine (Agm2þ, pH5.5) - the exchange is
strongly inhibited by the imposition of negative membrane potentials. Thus,
at gastric pH, AdiC selectively imports the less common Argþ against the
useless a-carboxyl protonated Arg2þ, whose deprotonation upon entry into
the cytosol would cancel out the proton-removing effect of arginine decarbox-
ylation. We are currently investigating the underlying mechanisms for this sec-
ond feature of AdiC. Preliminary results from testing various arginine
analogues suggest that AdiC differentiates Argþ and Arg2þ based on their dif-
ference in valence number rather than the protonation status in the a-carboxyl.
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Rhizoferrin is a simple but efficient siderophore and is potentially important for
medical applications. The aim of this investigation is to determine the molec-
ular structure of free rhizoferrin as well as its Fe3þ complexes, and to under-
stand the mechanisms of cation (Fe3þ)-binding specificity of rhizoferrin,
using first-principle methods. The optimized molecular structures, and the
calculated Nuclear Magnetic Resonance properties, such as chemical shifts
for 13C and 1H and indirect dipole dipolecouplings for 1H, will be presented
and compared with the experimental data. The nuclear quadrupole interaction
parameters will be discussed as an attempt to understand the charge distribution
and electric field gradient. Possible influence of deprotonation of citrate carbox-
ylate groups on Fe3þ-rhizoferrin complex formation will be discussed. This is,
to the best of our knowledge, the first theoretical study of rhizoferrin and its
metal complexes, and it provides a critical insight and guidance to the structural
basis of metal chelation by rhizoferrin.
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Supported membrane is the experimental platform in which a lipid bilayer is
tethered on a solid surface. Owing to the mechanical stability, it allows us to
investigate physicochemical properties of membranes and also membrane
proteins reconstituted in it. In this study, we developed a novel supported
membrane system that enables to measure the ion-pump activity of membrane
proteins under an optical microscope. As a model ion pump, we reconstituted
FoF1-ATP synthase (FoF1) in liposomes. To prepare the supported membrane
on a cover slip, we deposited the liposome on the cover slip and dehydrated
them. Sequentially we rehydrated it with the buffer. This is relatively simple
way to generate an artificial bilayer under optical microscope. In the rehydra-
tion buffer, we contained a pH indicator fluorescent dye (pHrodo) and Caged-
ATP. By introducing the evanescent illumination of 405 nm light for uncaging
of ATP from the bottom of the glass surface, ATP was supplied only in the
illumination area. The local pH of the membrane-surface space was monitored
with the fluorescent signal of pHrodo excited with the evanescent illumination
of 532 nm. Only after the illumination for uncaging, the intensity of pHrodo
Monday, February 4, 2013 301aevidently increased, suggesting the acidification between the membrane-
surface space. Additionally, the degree of the acidification was proportional
to the concentration of uncaged ATP ranging from 0.2 mM to 0.7 mM. These
results suggest that we successfully detected the proton pumping activity
sensitively and quantitatively. As many kinds of Caged compounds and ion
sensitive fluorescent dyes are commercially available, this technique can be
applied to other ion pumps and transporters.
Mitochondrial & Chloroplast Transport
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The microtubule-based motor proteins, dynein and kinesin-1, mediate fast
mitochondrial trafficking, but the mechanisms underlying the regulation of
mitochondrial motility are ill-defined. The Ran-binding protein 2 (RanBP2)
is a pleiotropic and multimodular protein, which couples directly with the
kinesin-1 isoforms, KIF5B/KIF5C, via its tripartite domains, the kinesin-
binding domain (KBD) and the Ran GTPase-binding domains, RBD2 and
RBD3. The coupling of RBD2-KBD-RBD3 to kinesin-1 activates its ATPase
activity ~30-fold and with activation kinetics that is biphasic and cooperative.
Here, we employ structure-function, biochemical, kinetic and cell-based
assays with time-lapse live-cell microscopy of over 260,000 mitochondrial
motility-related events to probe the interplay between Ran GTPase and
RBD2-KBD-RBD3 on kinesin-1 activation and mitochondrial motility. We
uncover mutually exclusive subdomains in RBDs toward Ran GTPase
binding, kinesin-1 activation and modulation of mitochondria motility.
The RBDs exhibit Ran-GTP-independent, subdomain and stereochemical-
dependent discrimination on the biphasic activation kinetics of kinesin-1 or
regulation of mitochondrial motility. Remarkably, RBD2-KBD-RBD3 and
KBD alone exert opposing effects on the equilibrium between the stationary
and motile phases of mitochondria and multiple biophysical parameters of
mitochondrial motility. Further, the regulation of the bidirectional transport
of mitochondria by either RBD2-KBD-RBD3 or KBD is highly coordinated,
since their effects are accompanied always by changes in motile biophysical
parameters of opposite-polarity. These studies uncover Ran GTPase-
independent antagonizing and multimodal mechanisms of kinesin-1 activation
and regulation of mitochondrial motility by distinct domains of RanBP2.
Further, they open new venues toward the pharmacological harnessing of
mechanisms regulating kinesins, mitochondrial motility or RanBP2 in a variety
of disparate disorders.
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Mitochondrial Ca2þ uptake is mediated by an inner membrane Ca2þ channel
called the uniporter. Ca2þuptake is driven by the considerable voltage present
across the inner membrane (DJm) generated by proton pumping by the respi-
ratory chain. Mitochondrial matrix Ca2þ concentration ([Ca2þ]m) is maintained
5-6 orders of magnitude lower than its equilibrium level, but the molecular
mechanisms for how this is achieved are not clear. Here we demonstrate that
the mitochondrial protein MICU1 is required to preserve normal [Ca2þ]m under
basal conditions. In its absence, mitochondria become constitutively loaded
with Ca2þ, triggering excessive reactive oxygen species generation and sensi-
tivity to apoptotic stress. MICU1 interacts with the uniporter pore-forming
subunit MCU and sets a Ca2þ threshold for mitochondrial Ca2þ uptake without
affecting the kinetic properties of MCU-mediated Ca2þ uptake. Thus, MICU1
is a gatekeeper of MCU-mediated mitochondrial Ca2þ uptake that is essential
to prevent mitochondrial Ca2þ overload and associated stress.
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In recent years a surge of interest has arisen in properties and function of
knotted proteins. As more and more knotted structures are discovered in theProtein Data Bank, it becomes increasingly important to understand how, if
at all, the non-trivial topology affects the protein’s function in the cell. In
particular, it has been hypothesized that the presence of a knot in the polypep-
tide backbone may affect the ability of knotted proteins to be degraded in
proteosome or translocated through the intercellular membranes, e.g. during
import into mitochondria. In these processes, the translocating proteins typi-
cally have to pass through constrictions that are too narrow to accommodate
folded structures, thus translocation must be coupled to protein unfolding.
However, as shown in a number of theoretical and experimental studies the
protein knots get tightened under the tension. The radius of gyration of the
tight knot is about 7-8 Angstrom, whereas the diameters of the narrowest con-
striction of the mitochondrial pores are in the 12-15 Angstrom range, making it
possible for the knots to get stuck during the translocation process. In this com-
munication, we report the result of molecular dynamics simulations of knotted
protein translocation which show how such topological traps might be
prevented by using a pulling protocol of a repetitive, on-off character. Such a
repetitive pulling is biologically relevant, since the mitochondrial import
motor, like other ATPases transform chemical energy into directed motions
via nucleotide-hydrolysis-mediated conformational changes, which are cyclic
in character. This research has been supported by the Polish NCN grant
N N202 055440.
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Located in the inner mitochondrial membrane, uncoupling proteins (UCPs)
dissipate the proton electrochemical gradient causing reduction in the rate
of ATP synthesis. Among five human UCP homologues, UCP2 is unique
with its ubiquitous expression in various tissues. This important feature has
been attributed to UCP2’s multiple physiological roles in tissues, including
its involvement in protective mechanisms against oxidative stress, glucose
and lipid metabolisms. Despite numerous physiological studies, UCP2 func-
tion in cell remains poorly understood. UCP2 proton transport is regulated
by purine nucleotides such as ATP, ADP, GTP and GDP. In addition,
UCP2 has also been observed to transport chlorides and other small anions.
Identification of the key amino acid residues in UCP2 in proton, anion trans-
port and regulation will help determine the protein’s mechanism of action in
cells. It has been established that positively charged residues on transmem-
brane helix 2 (TM2) of UCP1 and UCP2 are crucial for chloride transport.
However, a full understanding of the transport mechanism is yet to be
achieved. More importantly, some of these residues are also involved in the
UCP2 proton transport regulation. To further understand the ion transport
of UCP2, four TM2 mutants have been made (R76Q, R88Q, R96Q, and
K104Q). Over-expressed proteins were purified and reconstituted into lipo-
somes for structural and functional studies. All mutants share an overall
helical conformation with wtUCP2. using anion-sensitive fluorescent probes,
proton and chloride transport of UCP2 mutants are examined to determine
the effect of each mutation on the ion transport of UCP2. In addition,
Mant-modified purine nucleotide will be used to study the binding of
UCP2 and its mutants to purine nucleotides. Overall, the outcome of this study
will provide a more detailed molecular image of UCP2 ion transport
mechanism.
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The mitochondrial Ca2þ uniporter (mCU) is the main influx pathway for the
uptake of mitochondria Ca2þ and plays an important role in regulating energy
production as well as cell life and death. In our previous study, we reported two
modes of the mCU (mode1 and mode 2) that have different properties with
respect to Ca2þ affinity (mode1 > mode 2) and Ru360 sensitivity (mode 1 <
mode 2). This study further investigates the role of concomitant inorganic
phosphate (Pi) transport on mitochondrial uptake of Ca2þ mediated by the
mCU in isolated cardiac mitochondria loaded with mitochondrial and extra-
mitochondrial Ca2þ fluorescent dyes (Fura-FF and Calcium Green-5N). In
Pi-depleted mitochondria, the maximal Ca2þ uptake rate is shown here to be
limited by extramitochondrial Pi. The mitochondrial Ca2þ uptake rate was
accelerated in a concentration-dependent manner by phosphate concentrations
ranging from 0.01 mM to a maximum at ~0.1 mM. The effect of Pi on mode 2
